Seven fine aggregate samples from test pits driven at the river banks of the Kaligandaki River and banks of the contributing streams around Kokethanti-Chhyo Bagar area were petrographically analysed as these will be used for concrete aggregates. The aggregates had median grains size of 0.45-1.00 mm and were well graded. They were dominantly composed of carbonate rock fragments and the total QFL modes being Q 14. 81-28.87 F 0.63-4.58 L 66.55-84.15 . All the samples were classified as medium-grained calc-lithic sands. Quartz grains were dominantly megaquartz. Some chert grains and few quartz grains occurring in siliceous limestones were of microquartz.
INTRODUCTION
Demand of aggregates both for concrete and road is growing rapidly as they are required for development of various infrastructures. Quality of aggregates is of great concern as these are used in concrete structures and road pavement. Therefore, several lab tests and analyses are made to characterise the physical, mechanical and petrographic properties of these aggregates. Petrographic analysis of aggregates is the crucial part of the analysis as it reveals the constituents of the aggregate material and tells about their proportion in the material. Some of the constituents may be deletereous, and the petrographic analysis is the way of identifying them. Several studies on the physical, and Mechanical properties in addition to the petrographic characteristics of rocks and natural aggregates are found (Maharjan and Tamrakar, 2004; Maharjan and Tamrakar, 2008; Khanal and Tamrakar, 2009) . This studyconducts petrographic analysis of fine aggregates for determining kinds and amount of mineral constituents including deletereous constituents.
METHODOLOGY
The aggregate material deposits in the Kaligandaki River were identified in Kokethanti, Dhampu, and Chhyo Bagar, and its tributaries at the Chhaktan Khola and the Ghatte Khola (Fig. 1) . The thickness of the deposit is more than 40 m. Test pits for aggregate were excavated gpt 2 to 4 m manually by means of excavation using pick, shovel and crow bar. Sampling was made by collecting about 50 kg of aggregate material from the excavated test pit representing the thickness of the deposit for laboratory testing. The collected samples were dried, weighed and sieved at the site. The representative samples collected from the test pit were packed in water proof bag with label mentioning location of the test pit, test pit name/number, sample number and date before transporting for laboratory testing. The information of sample location is listed in Table 1 .
The sand samples were dried and analysed for grains size by sieving. Then they were examined for physical characteristics. Each sample was studied for four separate size fractions (2-4.75 mm, 0.60 mm, 0.25 mm and 0.075 mm). The size fractions 2-4.75 mm, and 0.60 mm were examined under a stereoscopic microscope. The size fractions 0.25 mm and 0.075 were thin-sectioned and examined under a petrographic microscope considering ASTM Standard C295-03. About 200-300 counts per sub-sample were made for determining the composition of fine aggregates.
RESULTS OF PETROGRAPHIC

ANALYSES
Results of petrographic analyses are shown in Table  1 Table 2 lists the physical characteristics of fine aggregate samples. The mineral grains in all the samples studied possessed equant, flaky, flaky and elongate forms of the particles. They are subangular to subrounded. Surface textures of particles of almost all the samples were rough due to irregularly brocken surfaces. Colours of the aggregate samples varied from yellowish grey to grey. Based on angularity and roughness of the particles, these aggregate samples were derived to the deposits which are not matured and are characterised by particles brought from intense reworking and breakdown of the older products. 
Physical characteristics
Sample T4
Carbonate rock fragments, aphanitic rock fragments and quartz constitute the major portion of the fine aggregate. Subordinately, feldspars, phaneritic rock fragments of granite, gneiss or pegmatite fragments, and mica occur. Carbonate rock fragments are composed of limestone, siliceous limestone, marble, etc. Aphanitic rock fragmetns are characterised by schistose fragments such as schists, carbonaceous slate, etc. Few altered grains are also found. The QFL mode of the sample is Q 14.81 F 1.04 L 84.15 . The sample T4 is classified as medium-grained calc-lithic sand. Table 3 lists the results of grain size analyses. Curves show well grading of the samples (Fig. 2) . T3 has lower amount of coarse fraction (>2 mm) compared to the other samples. The samples T3, T6 and T7 have remarkably high amount of pan fraction (<0.075 mm). The median grain size of the samples exhibits that all the fine aggregate samples belong to medium sands.
Grain size distribution
Composition
Results of compositional analysis of samples are listed in Table 4 . Fine aggregates are classified based on their recalculated proportions of quartz, feldspar and rock fragments as indicated in Fig. 3 . Composition of individual sand samples is described as below:
Sample T1
Carbonate rock fragments, quartz, rock fragments of schist, slate, granite and gneiss are dominant constituents whereas feldspar, mica and chert are subordinate constituents of the sample T1. Quartz is prodominantly megaquartz. Among the rock fragments, those of carbonate rocks, siliceous limestone, carbonaceous slate and carbonaceous schists predominate (Fig. 4a) 
Sample T5
Major constituents of the fine aggregate are aphanitic rock fragments (schist, slate, etc.), quartz, and carbonate rock fragments (Fig. 4b) 
Sample T7
Major constituents of the fine aggregate are quartz, and carbonate rock fragments (Fig. 4c) . Subordinate constituents are micas, feldspars, opaque and phaneritic schist and slates. Carbonate rock fragments are much more abundant compared to the other rock fragments. QFL mode is Q 20.55 F 3.27 L 76.18 . The sample T7 is a medium-grained calc-lithic sand.
DELETEREOUS CONSTITUENTS
Calc-lithic sand, T1
Chert grains in T1 approaches 1.71%, and constitute micro-quartz that are reactive in an alkaline environment. The reaction rate depends on proportion of reactive aggregate in concrete, alkali content of cement, temperature and availability of water (Gillott, 1975) . Considering the former factor, presence of reactive constituents is harmful to concrete. Carbonaceous and schistose rock fragments are also present in substantial amount (Table 3 ). The sample also contains silt/clay-grade material, 5.07%. All these deletereous constituents possibly contribute to the alkali-silica reaction.
Calc-lithic sand, T2
Among the deletereous constituents, total mica contributes 8.14%. Opaques of carbonaceous fragments and iron oxides, and chlorite occur in trace. The sample also contains silt/clay-grade material approaching 5.26%. This sample constitutes remarkably higher amount of micas compared to the other samples. Presence of high amount of mica in sand affects strength and bonding with cement (Fookes and Revie, 1982) and brings about the problem of poping out. High mica content in sand also tends to require more water in the cement and sand mixture. BSI (1973) suggested < 8% mica in sand to be preferable for use.
Calc-lithic sand, T3
The aphinitic rock fragments characterised by carbonaceous slates, schists, etc are present in substantial amount. These materials constitute notable amount of phyllosilicates and carbonaceous material and are unsound. Micas are little in amount. However, the sand sample contains mixture of remarkable conspicuous amount of silt/clay-grade material, i.e.,11.39%. Silt/clay-grade material may have possible effects on swelling upon gaining of moisture particularly if the clay material is of smectite.
Calc-lithic sand, T4
Aphanitic rock fragments of carbonaceous slate and schists constitute major portion of the deleterious material in the sample T4. Silt/clay-grade material that approaches 4.92% is also a deletereous constituent.
Calc-lithic sand, T5
Little amount of micas, alterite, organic debris are present as deletereous constituents. Conspicuous amount of aphanitic rock fragments of carbonaceous nature (carbonaceous slate and schist)) are present. Silt/claygrade material approaching 4.32% is also a deletereous constituent.
Calc-lithic sand, T6
Micas, alterite, carbonaceous schist/slate, carbonaceous opaques, etc. form deletereous constituents. Besides, the sample also contains very high amount of silt/clay-grade material, i.e., 12.99%. Such an amount of silt/clay-grade material possible aggravate soundness of the aggregate.
Calc-lithic sand, T7
Deleterous materials constitute aphanitic rock fragments, which are more than 50% of carbonaceous schist and slate, and also a silt/clay-grade material that approaches to 15.20%. Such a high amount of silt/clay- grade material can aggravate soundness of the aggregate and contribute to the expansion and cracking of the concrete structure.
CONCLUSIONS
The median grain size of the fine aggregates range from 0.45 to 1.00 mm, and are medium-grained. The size distribution indicates that they are well graded. The sands are dominantly composed of carbonate rock fragments. The range of QFL modes of the fine aggregate samples is Q 14.81-28.87 F 0.63-4.58 L 66.55-84.15 . All the samples are classified as medium-grained calclithic sands. Quartz grains are dominantly megaquartz. Some chert grains and few quartz grains occurring in siliceous limestones are of microquartz. Feldspars are very low in amount. Carbonate rock fragments dominate over rock fragments of schists/phyllite, and granite/gneiss. However carbonaceous schists/phyllite are remarkable constituents in T1, T3, T4, T5 and T7. Muscovite usually dominates biotite and collectively both are remarkable constituents in the sample T2.
Considering deletereous constituents, the sample T1 bears chert fragments .The sample T2 has high amount of micas and due to which it will have low workability. Silt/clay-grade fraction is deletereous to all the samples and this fraction should be removed during processing. The samples T2, T6 and T7 are more preferable among the samples as these have lower amount of unsoundd rock fragments such as carbonaceous schists/phyllite. 
